Abstract
I. INTRODUCTION

13
I N order to evaluate the performance of next generation mobile communication systems in realistic deployment scenarios, between transmitter and receiver. Both Rayleigh and Ricean fading will be precomputed for the correspondent situations and 23 just added to the path loss to achieve shorter computation times. Further, it is demonstrated that the employed algorithm is 24 able to outperform the state-of-the-art approach described in II.
25
The remainder of this paper is organized as follows: In Section II we give a short overview about the scenario layout and 26 the user mobility. In Section III we present the path loss models and discuss the commonly used parameters. The computation 27 of fast fading is presented in IV while the simulation results are shown in Section V.
28
II. URBAN ENVIRONMENT AND USER MOBILITY
29
A. 3D Scenario
30
The three-dimensional scenario used in this paper is defined in [1] and is called Madrid Grid scenario. This scenario consists 31 of 15 buildings with different heights, one park area and corresponding streets between the buildings. The size of the scenario 32 is 387 by 552 meters. An overview about the scenario is given in figure 1 .
33
As shown in figure 1, there are 13 base stations considered namely 12 microcells (yellow) and one macrocell (red). The 34 carrier frequency is 2.6 GHz and 10 MHz have been chosen as the system bandwidth.
35
Each road consists of two lanes for driving and two parking lanes. The road called "Gran Via" exhibits three lanes for driving 36 in each direction has no parking lanes.
37
B. User mobility
38
The mobility model for vehicular user is adopted from [1] . Here, every car moves witch the same constant speed of 39 50 km/h. Changing directions is only possible at crossroads. The probability of a right or left turn is 25% respectively, while 40 the probability of moving straight ahead is 50% at each crossroad. 
III. PATH LOSS MODELS
43
A. Computation of macrocell path loss
44
In order to determine the path loss of macro cells, which are usually installed on rooftops, we use a path loss model that 45 is proposed in [1] . This model takes into account the diffraction effects that radio signals experience and that is responsible [1] parts. The first part L f s describes the free space loss of signal from transmit antenna to the edge of the rooftop (d r ) and can 48 be calculated as:
The second part describes the diffraction loss of the signal from the rooftop to the receiver on street and is calculated as 
Further details related to this model are shown in [1] . is computionally expensive, we choose two separate models to compute the overall microcell path loss.
65
The first model is used, if the user is in line of sight and the path loss is calculated as shown in is shown in equation 4.
where λ is the wavelength and d is the distance between transmitter and receiver.
68
The second model is employed when the user is not in line of sight (nLoS As shown in figure 2, s 1 is the distance between crossing j1 and j2. s 0 is the distance between transmitter j0 and j1, 73 whereas s 2 is the distance between j2 and receiver j3. For the considered dense urban scenario angle Θ 1 and Θ 2 are set to 74 90
• .
75
The imaginary distances are calculated according to equation 5 as described in [2] . .
79
In this case, q 90 is set to 0.5 and v is set to 1.5. The path loss is now calculated as follows:
81 where d n is the imaginary distance between the respective transmitter and point n. Fading is not considered here.
88
IV. COMPUTATION OF FAST FADING
89
Simulating fast fading in detail according to the three dimensional scenario including multipath propagation due to reflection, 90 diffraction and scattering would lead to a complex model that could not be computed in reasonabletime. Since we simulate 91 numerous moving users, the fast fading will be calculated by using some statistical approaches.
92
As suggested in [5] , Rayleigh and Rician distributions are used to generate fast fading. In the following sections, the utilization 93 of both models is described. 
where σ 2 represents the energy of the signal and r the magnitude. To calculate the Doppler power spectral density, we use 98 equation 9, which is proposed in [6], for the Rayleigh and Rician channel:
where f m is the Doppler frequency shift that is calculated as:
v = 50 kmph represents the user speed, f c is the carrier frequency, which is 2.6 GHz in this case and c = 3 · 10 8 m/s is the 101 speed of light. The Rayleigh faing will be precalculated, stored and simply added to the path loss during the simulation.
102
B. Rician distributed fast fading
103
To simulate multipath propagation where at least one path is much stronger than the others (line of sight), we employ Ricean 104 distributed random variables. Rician distributed fast fading can be described as: line of sight paths. As proposed in [7] , the non line of sight signal components need to be summed up to determine the k-factor.
110
To avoid simulating every single signal path we use the statistical approaches to estimate the k-factor, that are described in 111 [7] , [8] and [9] . In [7] and [8] functions are provided that take into account the urban environment and the distance between 112 transmitter and receiver resulting in a cumulative distribution function (CDF) of the Ricean k-factor.
113
The k-factor is now calculated using the line of sight distance from transmitter to receiver and a random value, which is 114 generated according to the corresponding probability distribution function. Figure 5 shows the probability distribution function 115 (PDF) of the k-factor over the distance, where the y-axis represents the distance in m the z-axis stands for the probability and
116 the x-axis shows the k-factor in dB.
117 Fig. 5 . PDF of the ricean k-factor
As shown in figure 5 , the probability of a high k-factor value decreases with an increasing distance between receiver and 
V. SIMULATION RESULTS
123
In this section, we will present some simulation results regarding the path loss of a moving user in the described scenario.
124 Figure 8 shows the path loss between transmitter and a moving user that follows the same route as described in figure 4 . The
125
Ricean k-factor for nLoS conditions changes due to the distance as shown in figure 5 . The appropriate models for fading and 126 propagation will be chosen automatically using a single ray to detect NLoS or LoS conditions. The simulated path loss from 127 P0 to P2 is shown in figure 8 . Since the main objective of this approach was to find a method that is fast enough to simulate numerous randomly distributed As illustrated in figure 9 we can simulate up to 80 more users with the method proposed in this paper at a frame refresh 134 rate of 30 fps than with the reference method.
135
VI. CONCLUSION
136
In this work, we use a simplified model for efficiently computing the path loss between receiver and transmitter in line 137 of sight conditions as well as in non line of sight conditions using Berg's recursive model. To achieve realistic simulation 138 results we combine this model with fast fading models, such as Rayleigh distributed fading for non line of sight propagation.
139
To consider multipath fading in line of sight conditions, we employ Ricean distributed fading with a variable k-factor, which 
